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LIQUID CRYSTAL DISPLAY PANEL CAPABLE OF REDUCING 
PERSISTENCE DEGREE AND DEVELOPMENT METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field cf the Inventi.cn 

The present invention relates to a liquid crystal 
display (LCj) panel capable ■: f reducing a persistence degree 
ana a development method thereof. 

2. Description of the Related Art 

Each or FIGS. 31 and 12 :s a schematic sectional view 
showing a structure of one pixel of an LC panel. 3IG. 31 
shows a state where no voltage Is applied, and FIG. 12 shows 
a state where: a voltage is applied. 

Ihe LCE panel includes substrates 10 and 2C imposing 
to each other, and a seaied-l:o nematic liquid crystal 31 
having an anisotropic dielectric positive constant:. In the 
substrate 13, a flat electrode 12, a dielectric: layer' 11 and 
a vertically oriented layer 14 are formed ore a. face of a 
transparent insulating suits t rate 11, for example, a glass 
substrate, and on the other face thereof, a polarizer 13 is 
formed. In the substrate 2 0, a common electrode 21 is 
formed on :coe face of a transparent substrate 21, for 
example, a glass substrate, an insulating Layer 24 is formed 
the- re ceo, a pixel ele:trode 25 is formed -on the insulating 
layer 24, an el further an insulating layer 26 and a 



vertically orientated later 17 are formed therecn. On the 
ether f a:e ■: f the substrate 21, a polarizer 53 is formed. 
Transmission axes of the polarizers 15 and 2-5 
perpendicularly cross over each -other. 

When backlight in the direction shown by arrows in FIG. 
:i enters into cue LCD panel, trie light is :. ransformed into 
linearly pdarr oe^i light t y tne polarizer 25. When the fiat 
electrode -2, the common electrodes 25 and the pixel 
electrode n^ve the same potential, the liquid crystal 10 
effects no cnange in tne pi ane of polarization of the 
linearly polarized light, and therefore tne linearly 
polarized light car.no:. ice transmitted through, tne polarizer 
15, resulting in a dark state. 

When, as shown on FIG. 32, the flat electrode 12 and 
the common electrocie 2 5 has the s ame potential bo.t t ne pixel 
el e ct. rede - 3 is app 1 i ed witn a pote-noial different, from tne 
both former electrodes, an electric field .arises. Dotted 
lines of FIG. 32 show the lines of electric force. Liquid 
-crystal molecules are inclined relative t. :» an incident light 
direction under influence of the electric: field to cause 
birefringence, and part of the light can transmit through 
the polarizer 13, result in :: in a bright state. 

S.-nce the c ornrn o n electrode 23 and t h e p 1 x e 1 e 1 e c 1: r o d e 
2: a re made c>f an opaq je metal, oehaviors of: liquid crystal 
molecules over the electrodes are not problematic in terms 



o f disci a y . 

If the flat electrode 12 does not exist, liquid 
crystal molecules between the pixel electrode and the common 
electrode 3 3 tend to reduce inclination thereof, which will 
produces che drop region of t ransmittance . The flat 
electrode 12 makes :ne electric field between the common 
electrode :■ ? and the pixel electrode 2c a s y::ime t r 1 :: so is to 
ccricr.ibut.es tc prevent the cransmi ttarice f r ;>m locally 
■uroppirg. The a.; electric layer 11 reinforces tne latecal 
component, of the electric field in the liquid crystal 3 3 to 
make it possible for the liquid crystal 30 tc be driven with 
lower applied vcicaqe. The common elect r ode 2: and the 
pixel elertrode 15 each are stripe electrodes extendinq in 
the direct ton perpendicular- to the sheet of E 1 1 G . 32, and 
alternately formed on the top ana bottom surfaces of tne 
insultmq layer ^4. Tne insulatinq layer 14 is for 
prevent inq common elect r coles and pixel ele ct r coles f r cm 
shor t - ci r cur t inq at posit ion? where the bootn overlap as will 
bo described later. Tne insulatinq layer Co is for reducing 
the persistence decree. 

FIG. 31-i shows an electrode pattern of one pixel, 
termed in the substrate 20 of FI j. 31. F1GG. 34 and ;5 are 
patterns of the pixel electrode 21 and the c tinmen electrode 
22 f respectively, of FIG. 32. 

In FIG. 33, a data line DL1 and a scan line SL1 cross 
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over each ether with an insulating layer interposing 
therebetween. Each of the pixel elect rede 2 5 and the common 
electrode 13 has a stripe section and a peripheral .section 
connecting ends of the stripe section. The lines of the 
stripe section are inclined 41 degrees to each of the scan 
line 3 LI and the data line ELL. 

When the potential of the scan lino SL1 goes high, a 
TFT 21 is turned on to apply the potential of the data line 
DL1 onto the pixel electrode 15 and generate an electric 
fi.eio retween toe stripe electrodes of the pixel electrode 
2 : and the common olocoroie 2:. The 1 or. 3 i oociira 1 direct .1 or. 
of the upper half of the stripe electrodes is different from 
that of the lower half of the stripe electrodes by 10 
degrees as shown in FIG. whereby the LCD panel has wider 

range of viewing angles than in a case where the both halves 
of the stripe electrodes are parallel to each other. 

The common electrode 23A has peripheral, protrusions 
which ^re o-onneoteol t o the z :>r.mori ele ctrodes of odjocent 
pixel.? not shown. 

FIG. 36(A) is an enlarged partial view near a 
crossover of a stripe electrode and one peripheral section 
of FIG. : 0 . FIG. 3 6 ( E 1 shows the Lines e- f electric force 
with dotted lines near the ::resso>ver when a v:l:oge is 
a pro lied oetween the pixel electrode 25 and the common 
electrode 23. 



A peripheral section of the pixel or common electrode 
has crossover portions t stripe ele ;tr eies -.>f the common or 
pixel electrodes with the msuUtma layer interposing 
therebetweer since a pixel has a rectan aular shape, end each 
c f the pixel, electrode 2 and the commix: ele-:troae 2 3 nas 
stripe electrodes rn par hlel to each -tier and has s 
cent i nuous shape. For example, a side 3 r 1 or the- pixel 
electrode 2 5 is connected to a side 25j of the peripheral 
section, and a side 211 -_»f the common ele:trode 1; is 
parallel to the side 2 f. 1 , while the side ill oro-se~ over 
the side 2 1-2 at an acute angle. 

FIG. 3~ ] os a schertto: sectional ^oew showeng 
inci ina: i on of liquid crystal molecule- between the pixel 
electrode 2 3 and the common electrode 13 of -one pixel, of the 
ht'.D p:oel when a voltage is applied therebetween. 

In VZG. 32, a structure between the pixel electrode 2 5 
anc the liquid crystal 3 r is different from that between tne 
common electrode 2 3 and the liquid crystal 30, which causes 
pe r s i s t ence . 

In FIG. 3 l 5'B), since the side 2 52 crosses ever the 
side 2 31 at an acute angle, an electric field therebetween 
near the crossover is stronger than that between the 
parallel sides. Further, a direction • -f electric field 
strength near the crossover is different from that between 
the parallel sides. Due; to such conditions, a 
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transmittan :e-voltag- chara ote ristic near the crossover is 
different from that between the parallel portion, causing 
not only degradation -of an image quality but also 
persistenoe. 

in FIG. 3 W , since the insulating layer 23 exists above 
one pixel electrode 2 : , app I r cat. i en of an electric field in 
oris portion is useless ana of festive application of the 
electric field to the liquid crystal 30 is prevented. If 
the insulating layer 2-" is -omit tea in -order to solve this 
problem, it causes mor- peraisr.enoe since the insulating 
resistance of the vertically oriented layer 2 7 is how. If 
the pixel electrode It is exposed to the liquid crystal 30, 
not only is the decree of persistence enhanced, but liquid 
crystal molecules also deuompose. Further, since the- top 
surface of a poxel elr-urode 23 is flat, it is not possioie 
to effectively apply an electric field to the liquid crystal 
30 in relation to transmitt anco, which prevents achieving 
h i oho r oont ras t dl sp lay . 

In development of an LCD panel, measurement of a 
persistence degree is performed at each trial when a 
structure or material rf the LCD panel is charged in order 
to reauce tne persistence aeqree to a value lowe r than a 
given value, arid it takes, for example, 4 3 hours to measure 
the persistence degree in each trial, which makes a 
development term thereof longer. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a liquid crystal display panel capable of 
reducing a persistence degree. 

In one aspect of the present invention, there :s 
pr. viced a liquid crystal, cenel comprising: firs: and second 
s nose r at e ; and liquid tryst a 1 i.nte rp :>se :l between the firs: 
and second substrates; the first substrate comprising: an 
insula: ir 04 substrate; first and second electrodes, formed 
over the insulating substrate, for 0, display voltage to be 
applied therebetween; and a first insulating layer severing 
the first and second elect, rodes ; wherein the first electrode 
is disposed higher than the second electrode in relation to 
a direction from the insulating substrate toward the second 
substrate, and the first and second elect rooes -overlap ea ch 
otner with a second insulating layer being interpose:! 
t h 0- reb e t w e e n. at an -:• v e r .1. a op i n 4 po rt i on , w n e r e i n a t h i c < n e s s 
of the first insulating layer on the first electrode is 
substantially equal t o t h e i n s u 1 a t i n g 1 a y e r on t h e s e c o n d 
electrode . 

Wcth this configuration, when the voltage signal is 
applied between the first and second electrodes, electric 
states ever the- first ana sesord electrodes are almost, the 
same, wne.rety persistence is reduced in comparisc'n with a 
case where the thicknesses are different from each other as 




shewn in h 1 1 ^ . 31 

Other aspects, objects, and the advantage? of the 
present invention will become apparent f r em the following 
detailed description taken in connection with the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fi 3 . 1 is a schematic circuit diagram of a Liquid 
cryc: :ii display device for use in a me:. hod of the present 
inven t ion . 

FIG. 1 rs an illustration of a persistence degree. 

FIG. 1 :s a graph showing a voltage waveform, having 
an AC amplitude Vac and a DC component Vdc, applied cn a 
1 i g u i a c r y seal pi :•: e 1 . 

FIG. <t are graphs showing a measured t ransnr t tance 
waveform of the liquid crystal pixel in a case where the A 2 
amplitude Vac is 2 V and the E>C component Vdc is - 2 V. 

FIG. '.. is a grap-h showing a measured t ransmo t t ance 
waoofcrm of the liquid crystal pixel in a esse where the AC 
amplitude V : .rc is 1 V and the DC component Vdc is - 2V. 

FIG. k> is a grap'h shewing a measured t ransmr 1 1 ance 
waveform of the- liquid crystal p-ixel in a case where the AC 
amplitude Vac is 2 V find the DC component Vdc is - IV. 

FIG. 7 is a grap-h shewing a measured transmit vance 
waveform of the liquid crystal pixel in a case where the AC 
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amplitude Vac is 1 V and the E'C component Vdc is - 0.5 V. 

FIC. 8 is a graph showing a measured transmittance 
waveform of the: liquid :rys:al pi:*:el in a case where the AC 
amplitude Y a : is _ V and the En' component Y i :: is 0 V . 

FY j, 9 is a graph showing a measured transmittance 
waveform, ot the liquid crystal pixel in a case where the AC 
amplitude Vac is _ V and the DC component Yio is 0.5 V. 

FIC. 10 os a graph showing a measured transmittance 
waveform of the liquid crystal pixel in a case where the AC 
amplitude Vac is \ T and the E ; C comp cnent Vic is 1 V. 

FIC. 11 is a graph sh:. wing a measured transmittance 
waveform o f t h e 1 :q..iid crystal p'ixel in a case whe re- the AC 
amplitude Va-o is _ V arid the E'C ccmp-onent Vdc is 1 V. 

FIC. IV: os a graph showing a measured transmittance 
waveform of the liquid -crystal pixel in a case where the AC 
amplitude Vac is i V and the DC component Vdc is I V. 

FIC. 13 is a graph she- wing a measured relationship 
between the DC component Vdc: and the variation width AT of 
liquic crystal pixel transmittance in a case where the AC 
amp 1 i t ude Va c i s I V . 

FIC . 1 Y is a g r a p h showing a me a s u r e ei r elatic nshi p 
between the AC amplitude Vac, and the value -of DC component 
Vdc: at which the variation width AT if liquid crystal pixel 
transmittance is the minimum. 

FIC. 1 , r is a graph shewing a measured relaticnship 
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between a persistence degree and the range of optimal DC 
component variation AVdoo 

FIG. 1G is a schematic sectional view showing a 
structure of a liquid crystal pixel capable of reducing a 
persistence "legree in a state where no volt acre is applied, 
ot a second embodiment o;c:coir.g t o t he present invention . 

FI L 1" is a schematic sectional voew showing the 
liquid crystal pixel of Fid. 16 rn a state where a voltage 
i s app 1 i eol . 

Fid. 1- are schematic sectional views showing a 
fabrication process of the substrate 20A of FIG. 16. 

FIG. 1 ' :1 is a plane view showing an elect rede pattern 
■of a liquid crystal pixel capable of reducing a persistence 
oegree, of a third embedment according to the present 

FIG. 10 is a plane view showing the pixel electrode of 
FIG. 19. 

FIG. 11 is a plane view showing the common electrode 
of FIG. 1 9. 

FIG. 11 (A) is an enlarged partial view near a 
cress-over of a stripe elect rede rind the peripheral section 
of FIG . 19. 

FIG. 11 'B; is a diagram shewing the lines of electric 
force with dotted lines near the crossover when a voltage is 
applied between the electrodes of FIG. 22(A). 
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FIG. ."3 is a plane T7 i-w shewing an electrode pattern 
:>f a liquid crystal pixel capable of reducing a persistence 
degree, of ;a fourth emt :diment according to the present 
i n ven z ion . 

FIG. 1 4 :s a plane view she-wing the common electrode 

.■f fi3. 

FIG. 15 is a plane view showing an electrode pattern 
■of a ligaid crystal pixel cap-able of reducing a persistence 
degree, of a fifth embodiment according to the present 
i nvenoion . 

FIG. it :^s a plane view showing the common electrode 

of fi:;. lb. 

FIG. is a plane view showing an electrode pattern 

of two liquid crystal pixels adjacent: to each other, of a 
sixth embodiment, ace: reding to the present invent! on . 

FI!?. 13 is an enlarged sectional view oaken along line 
A- A of" FIG . - 7 . 

FIG. 1 9 are schematic sectional views shewing a 
fabrication process of a substraoe on the back light 
1 ncident side: . 

FIG. 3 0 are schematic sectional views showing the 
f a b r icat 1 o n p r o cess follow! n g F I G . 2 o . 

FIG. 31 is a sc: he ma tic: sectional view allowing a 
structure of one pixel of an LCD panel compared to the 
present invention in a state where no voltage is applied. 
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FI j. 32 is a schematic sectional view shewing the 
pixel of FIG. 31 in a state where a voltage is applied. 

FIG, 33 is a plane view she-win 3 an electrode pattern 
of one pixel formed in the; substrate 20 of FIG. 31. 

FI j. 34 is a plane view shewing the pixel eleccrode of 
FI^l . 3 3 . 

FIG. 3 5 is a plane* view shewing the conrnc-n electrode 
ef FIG. 33. 

FIG. 33 (A) is an enlarged partial view of the pattern 
near a oro>ssover between e l.ect ro:les o> f FI1. 33. 

FIG. 33> (B) is a diagram shewing the lines cef electric 
force w 1 tin dotted line s vj h e n a v o 1 1 a g e i s .a p p 1 1 e d bet w e e n 
the electrodes of FIG. 36 (A). 

FIG. 37 is a schematic sectional view showing 
inolioo :. ico of liquid erystal molecules between a pixel 
electrode and a common electrode of one pixel of a prior art 
L C D pane 1 w hen a v olta:e is a p r 1 o e d o n e r e b e t w e e n . 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, wherein like reference 
characters designate like or corresporidin: parts throughout 
several views, preferred embodiments ef the present 
invention are described below. 
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First embodiment 

First of all, there will be described a development 
method capable of decreasing the development term :>f the LCD 
panel, wnicn has a structure :>r employs material capable :>f 
reducing a pers:sten:e de:f ree. 

FIG. 1 is a schematic: circuit diagram of a liquid 
crystal display device for use in a method according to the 
present inver.ti o n . FIG. 1 show s a o a s e w h e r o a p i x e 1 a r r a y 
has a m~:r:x with I r jws and o columns f:»r samp'litity. 

The circuit itself is the same as that of the pr .-o r 
art. A data line old , a scan line CL1, TFT 0 j , a pixel 
e bet trod- 1 1 ~ , a t amnion e 1 e;c t rtcle II, and a f at -el ecu r :ci-e 12 
in FIC. 1 a r • - f trmed as snewn i. :t FIG. II fer example. The 
f 1. a t ele:trt-ee 11: is provi. ;leo for all the pixel elect r :>oles . 
The scan lines are connected to the output of a scan driver 
:1, and the data, lines are connected to the -.-u tout, of a data 
driver 12. A ctcitrtl circuit 1.; controls the data driver 12 
on the basis of a pixel clotx CLK and a horizontal sync 
signal HGYMC, and also provides a video signal VS to the 
cata driver- :2, and f ureter controls the s :ar. driver 11 on 
the basis :t the horiztnzal sync, si anal KSYNC and a vertical 
sync signal Y5YNC . Ro-ws of a pixel array are line- 
sequentially selected lay the scan driver 11, and display 
data (a gradation voltage set) is provided to- the pixels of 
a selected row from the data driver 32. 
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FIG. 2 is an illustration of a persistence degree. 

Fc r example, a case is considered where display data 
of each pixel has a 64-step gradation, white corresponds to 
the sixty- fourth gradation and black corresponds :.o the 
first, gradation. The persistence degree is oefineo as 
foil ows : 

(A) A foxed pattern including white and black ^s 
displayed, for- example, tor 48 nours. 

(E : Immediately thereafter, the halftone of the 
thirty- second gradation rs displayed, and the brightness Bmw 
and Bmb in respective regions in which the wrote and black 
was displayed in the step 'A) are measured . The- persistence 
(degree LkO is calculated with the following formula: 

PD = 100 {Bmw - Bmfc /5m c 
w h -o r e 5m i s a s ma Her one of t. h e Bmv; a nd Bmb . 

In the step- (B), in order that no persistence can be 
recognized by a human, a persistence degree has to be less 
than *; \\ under ordinary illumination in a room and less than 
: I in <dark r : om . 

The persistence degree is different according to a 
structure or material of an LCD panel. In development of an 
LCD panel, if the persistence deoree is measured at each 
trial when a structure: or material -of an LCD panel is 
crarged in order to reduce the persistence degree to a value 
lower than a given value, and it takes, fo-r example, 48 
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hour? to measure the persistence degree in each trial, whi:h 
makes a development term tnereof longer. Therefore, it is 
effective to search a physical quantity having a high 
c -or relat i o r 1 w i t. h t. h e p c r s i s t. e n c e decree a n d w h i c hi o an be 
measured in a short time. 

Liquid crysta^ pixel as applied with an AC vcoitage of 
r eccanoular wave in or:ie.v : o or eve no its dec rada t i on . FIG. 
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v; a ve f o rm app 1 red 



)ixel 



electrode It arc; the common electrode 21, and between trie 
pixel electrode 2b and the flat electrode 11 of "Id. 32, 
v h e r e i n a f r e q u e n o: y i s 1 C z . 

The voltage waveform has a DC component on order to 
prevent flickers from arising under the application of the 
only AC voltage, that is, in order to .avoid a cyclical 
coarce in t ran emit, t a nee . The amplitude of the AC vedtage of 
rectangular wave and the TC voltage component are indicated 
by Vac and Vd c , respectively. 

The LCC panel t ran sm:._ ttance was measured each time the 
TC component Vdc was altered stepwise with the AC amplitude 
being fixed. FIGS. 4 to 12 show variations in transmit*: ance 
in cases where the TC comtponenc Vdc was set at - 3 V, - 2 V, 
-IV. - 0.5 V, 0 V, O.b V, 1 V, 2 V and 3 V, respectively, 
with the AC amplitude Vac being fixed at a black display 
voltage 2V. As shown in FIG. 4, the range cf t ransmi t tance 
variation is indicated by IT. 
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FIG. 13 is a graph showing a relationship tetween the 
DC component Vdc and the rarge of transmittaroo variation AT 
in a case where tne At imp) 1 etude Va: is 2 V. 7t is 
est inat ed from this grap-h that the value of the Pt c:>mp>onent 
Vole at which tne range of ransmi 1. 1 an :e \eriat:.or: AT is the 
mi n i.nuni i. s - 0 . : r V . 

Likewise, measured are the value of the DC component 
Vdc at which tne range of oransmittar.ee variation AT assumes 
the minimum AT run in cases where the AC amplitude Vac is a 

display vol cage " V .and a halftone :;: splay voltaoa (1 
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f 7 ) , 2 - A .o V , 
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the results obtain-:! bv the 
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jmponent variation. The jC oorrpoaent Vac i, 



fixed in an 

actual liquid crystal disp»lay device. Therefore, as tne 
range of optimal DC component, variation AVdc decreases , 
f 1 ickers become weaker. 

FIG. It. is a graph showing a relationship- between the 
persi stenoe degree and the range of :>p>timal DC ooniponent 
variati:n AVoic, obtained ioy measuring one persistence aegree 
and the ranee of -optimal DC comp'onent variation AVoc each 
time oho- structure or material of an CCD panel, is changed. 
It can loe seen that there is a very high correlation between 
the persistence degree and the range of optimal D cc mponent 
variation AVoic. Further, it is found that in order to lower 
the persistence degree less than the above described o t , 
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the range of optimal DC component variation AVdc has to be 
less than 0 . : V, and in order to lower oho- persistence 
decree less than the above described 3 h, the range of 
opcimel Jo component, vernation clYdo nas to be Less tnan 1.2 
V . 

Since the range cf optimal CC component variation AVdc 
can loe measured in a short time with ease, by use of AVdc it 
is p oss cole to reduce ::he development term o f an LG D panel 
with che persistence degree being less than a given value. 

Note that it was conformed that there is a high 
correlation between the range -of optimal GG component, 
va rial ion IVeu and one poroiooonco degree ever in 1G I) panels 
raving structures where t ne pixe 1. elect .rode 2 o and the 
common electrodes 2 1 are employed without the flat electrode 
11 and the pixel electrode 21 and the flat electrode 12 are 
employed without the common electrodes 2 3, and therefore 
there- will be a similar correlation therebetween in LGF 
panels having 'Other structures. 



S e c o n d Emb o ol i m e n t 

FIGS. Ib and 1G ? are schematic sectional views showing 
a structure of a liquid crystal pixel capable of reducing 
the persistence degree, o>f a second embodiment according to 
the present invention, wherein FIG. 16 shows a state where 
no voltage is applied and FIG. 17 shows a state where a 



1 3 



Tr o 1 1 a g e is a pp 1 i e d . 

The structure cf a substrate 2 OA is different from 
that of the substrate 00 of FIG. 31. The other structure is 
o h e s a me as that of F I G . 0 1 . 

FIG. 0 9 are scher\at:c sectional views showing a 
fabrication process ;>f oho substrate 20A. In F 1 1 . 13, the 
r.ighs end po: t i oris of A) t- i F) indicate a place where a 
common electrode 2 OA and a pixel electrode 25A are stacked 
with an insalat ing layer 24A interposing therebetween. 

; A : A common electrode 2 OA made of metal is f ormed on 
a or art so a rent i insular, ing substrate 2 0 by phot ol tonography . 

■' B '■ an insula:: i no layer 24 is coated on the substrate 

21 . 

C -1 A pixel elect rode 2 OA is f o rned on the insulating 
layer 2 4 by ph o r oo 1 rtro'.fraonv. 

a;o Tlie insulating layer 24 is etched with the pixel 
electrode 0 OA as a mash and the only portion thereof under 
she pixel electrode 2 OA is left. 

dh An insulating layer 2 OA is coated on the substrate 

21. . 

i F) A vertically -oriented layer 27 is coated on the 
insulat ing layer- 2 OA. 

By fabricating the sot sr rate 2oA m such a way, as 
shown in FIG. 10, the thicknesses of the insulating layer 
SOA over the pixel electrode 25A is substantially equal to 
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that over the common electrode 23 A. The re f -ore, electric 
states over and near the common electrode 2 ?A and :>ver and 
near the pixel electrode 25A are almost che same as shown in 
FIG. 17 ir. a case where an AC voltage of rectangular wave is 
applied between the pixel electrode 25A and the common 
electrode 2 3A, and the persistence is reduced in comparison 
with an LCD panel having the structure of FIG. 31. In other 
words, the range of optimal DC component, variation AVdc of 
FIG. 13 decreases, and thereby the persistence degree 
becomes lowe r . 

The insulating layers 2 4A and 2 b A are made of, for 
example, SiNx,3iCo, resist or acrylic resin. In a trial, 
SiHx was used as the insulating layers 24A and 2 6A, JAL3 204 
made by JSR Co. as the vertically oriented layer 27, and 
2LI4535 made by Merck Japan Co. as the liquid crystal 30, 
and the persistence degree reducing effect of the trial 
article w as o c n f i r rn e d . 

Third Embodiment 

FIG. 19 is a plane view showing an electrode pattern 
of a liquid crystal pixel capable of reducing the 
persistence degree, of a third embodiment according to the 
present invention, which is analogous to FIG. 33. 

The electrode patcern is formed, f:«r example, in the 
substrate 20A of FIG. 13 or the substrate 20 of FIG. 21. 




2 0 



FIGS. 20 and 21 are plane views showing the pixel 
electrode 25A arid the Simmon electrode 3 3A :>f FI-j. 1 ■ S which 
a r e an^l o g o u s to F I G 3 . 5 1 and 3 b , r e s p e c lively. 

A peripheral section of the pixel or common electrode 
has crossover portions to stripe electrodes of the common or 
pixel electrodes with one insulating layer interposing 
therebetween since a pixel has a rectangular shape, and each 
of the pixel electrode 2 5 A and the common electrode 2 ? A has 
stripe electrodes in parallel to each cither nd his a 
continuous shipe. For example, a side 151 of the pixel, 
elect, rode 2b A rs connected to a side 2b 2 of the peri pteral 
section, and a side 231 of the common electrode 2 : A is 
parallel, to the side 251, while the sides 252 and 2 are 
connected to the side 2 51 and 2 31, respectively, crosses 
over each other. 

FIG. 22 (A) is a partial enlarged view near a 
crossover of electrodes. FIG. 22(B) shows the lines of 
electric force with aotted lines when a voltage is applied 
between the pixel electr-.de 2 5A and the commc n electrode 25A. 

Since the sides 252 and 2 52 cross over each other at 
an obtuse angle, concentration of the lines of electric 
force decreases, and thereby it. is suppressed for an 
electric field strength to become larger in comparison with 
a case where the sides 152 and 232 cross over each other at 
an acute angle as shown in FIG. 36(A) . 
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Further, with respect to a line 8 A passing thro u g h 
between the sides 251 and 231, the sides 251 and 251 are 
s ymrne t rical ■:> c he si d e s 2 1 and 232 , respectively, 
resulting in mat the direction :> f" electric field vector 
between the sides 2.5 2 and 132 is parallel to tint between 
t he s i de s 2 51 a nd 2 3 1. 

Accordingly, rapidly changing distributicn c f the 
t r ansmi t z an oe nea r ele ;: t r >oe ::ross over is a 1 le T c c a t e a , w i. t h 
the result that display image quality is improved and 
persistence degree is reduced. This holds at other 
electrode crossovers, in a similar way. 

T real liquid crystal panels were fafcrtcat e d in which 
the electrode patterns -of FIG. 12 and FIG. 3: were employed 
both with t Ice other conditions being the same as those of 
the above 'described trial example, and it was :vciiirmeu that 
the liquid crystal panel employing the elect nice pattern of 
FIG. I: 1 has a lower persist-n ::e degree than tint, employing 
the electrode pattern of FIG. 33. 



Fourth Embodiment 

FIG. 23 is a plane view showing an electrode pattern 
c: a liquid crystal, pixel capable or reducing the 
persistence degree, cf a fourth embodiment according to the 
present invent! cm, which is analogous to FIG. 1 o . FIG. 2 4 
is a plane view showing the common electrode 2 3B cf FI3. 2 3, 



while the pixel ^lectr-: de ,'5A os the same as that :.>f FIG. 23 
In the peripheral secticn of :he common electrcde 23B, 
cutoff portions 2 3B1 to- 23E.8 are formed with ensurinoj one 
body of the common e leo t ro oes 21B. The pjsiti m.s o-f the 
o_;toff p jrt.::r.s ^3B1 t: 2 : are eaoh near or oss ove rs 
between the coonme n eleoot rccie.' 23B and the pixel e lec z ro-:le 25A 

In a ;ase where r: 3 these cute of portions cooist, an 
rle::ri: f i e \ :i arises in e r. o r i - d i s p 1 a y region b e t w e e n : nese 
portion and corresponding portions of the pixel electrode 
2 " A when a voltage _s app 1 i e :i, which effects or ;en: at i on of 
liquid crystal m : lecules in a displ-jy region near one non- 
display region. This adverse influence is removed by the 
■outoff portions, resulting in improving a display image 
quality and reducing toe ivrcieteooe olegree in oomparison 
with thet. of the th_rd emio-oi lment . 



Fifth Embodiment 

F I G . 0 5 is a plane v e w s h o w i n g an el o c t r "ol e p) a. 1 1 e r n 
of ii liquid orysoal pixel -/arable ■:■ : reolucing the 
persistence degree, of a fifth embodiment ao;cordirg to the 
present invention, which is analogous to FIG. 33. FIG. 2 3 
is a plane view showing too- common electrode 2 3" f FIG. 25, 
while the pixel, electrode 05 is t.he same as that of FIG. 34. 

In the c o mm en eie :t.r/de 2 3 ^ , cutoff p c ■ r t r < .i i s 2 3 B 1 to 
2 3BS are formed with ensuring one body o-f the common 
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electrodes 211, resulting in impr '^ r mg a display imaqe 
omality and reducing the persisted ::e degree in eonpa rl son 
with tne structure of FIG. 1.1- for the same reason as chat of 
:. he above described fourth embodiment. 



S o x t h E m b o d lmen t 

FIG. 27 as a plane o r iew showing an electr--.de pattern 
■of two 1. iqui.a crystal pixels adjacent to each other, of ^ 
sixth emo od i.merit accord irrg :o tne presort in 'cent i on, wherein 
the both pixels have : he seme pattern. 

The frame sections of a common electrode 23b and a 
oixel elect r : ae l l o2 overlap each 'Other w i t h en : rsul it i rig 

I a per _ nt e rp>:: s ing the rebe t ween . The stripe elect rode 
secti on od the common elect rode 1 ID are formed under and 
between stripe electrodes of tne pixel electrode I o j, and 
therefore the line density of the stripe electo^d- sections 
of the coimnor. electrcae lido is toco times creator 'tar. tnat 
of the pixel electrode 2oD. 

FIG. 28 is an enlarged sectional view taken along lone 
A - A of FIG. 27 . 

Different points from the liquid crystal pixel of FIG. 

II are that the stripe electrodes of the pixel -l-ctrvde 25D 
are convex in cross section, and an insulating layer 16D is 
foimed only on the stripe electrodes of the pixel electrode 
25D and no insulating layer is formed on display areas 
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between stripe ele :tr:> :les :>f t he o :>mm ->r. el ect r n> ie 2 ID and 
t ne o i.xel elect r:>-:le 1:.>D. A ve rt i c n 1 1 y o riented layer- 2 7 is 
tn inner then the insulntin;i layer 1>:1.), tnerefore i t i.s 
dep i rut eel wvth a thick line in FIG. 22. 

Since the stripe electrodes of the pixel electrode 25D 
are z: :>uvex in cross se st i on, the top surfaoe t nereof is 
sloped toward both sides with tine maximum height at the 
middle. Tn or:er tc form suck, a coov/ex shape, unlike FIG. 
12, there is formed a stripe electrode of the common 
electrode oil under ea ::h stripe elect node of the pixel 
else: nole 2 51, whereon this snipe e 1 e strode :» f t.ne ::ommon 
electrode I'll has a narrower width than that of the pixel 
ele:: rode ."flu In order to emphasize this convex shape, a 
channel protective layer 41 is partially removed with 
leevin: port ions over the stripe elect roaes ot the common 
electrode lit 1 , wherein the channel protective layer 41 is 
formed when the TFT 12 of FIG. 27 is formeo, and has a width 
narrower than that of the underlying stripe ele :: roae. 

W :._ 1 :. k such a struct u r e h a v 1 r i g a conv e x s h a p e o u c r c s s 
sect ion, the lines or electric force becoir.es as shown with 
doc ted 1 irons in FIG. 11 when a voltage is applied between 
the pixel electrode 111 and the common electrode 13D. That 
is, sin to- the- lines of electric force near a slope of the 
pixel electrode 25D are normal to- the slope, inclination of 
liquid crystal molecules relative to a normal to the surface 
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of the substrate 2 1 becomes larqer, which increases a 
transmit tanee in white display in comparison with the oase 
of FI j. 32, thereby improving a display contrast. 

Further, so nee the patterns cf the }::xe. electrode 25D 
and t.ne irouLa: i.:"o layer ltD .ire the same as each other, and 
no insulating la ye r 2 o D e x i s t s in d i s p 1 a y are -a s b e t wo- -a n t h e 
stripe electrodes -of the pixel electrode ltD and c he c:ommor. 
elestrode 2 3D, an electric field is more effectively used on 
liquid crystal molecules in comparison with the case of FI'2. 
32, result inq in improver; a display contrast, in comparison 
with tne -case of FIG. 32. under' tne same applied volt ace. 

Furthermore, so rice liquid crystal molecules do not 
di rect ly contact with the pixel electrode 15D, dec omr etc it ion 
of liquid crystal molecules are prevented, and the 
pe rs i s t ence deqree os ado: reduced. 

FIGS. 2 9 and 30 are schematic sectional views showing 
a fabrication pro-cess of a substrate 202 -on tne boot Lcght 
inoioient side, cued each section ccurre spends t'O one ta<en 
alone lone E-E o>: FIG. 07. There will be described below 
the fabrication process . 

-.A) A common electrode 23D and a scan qate : line SL1 
both mace t'f metal are fo.trr.ee; on a substrate 21 by 
phot C'l 1 1 he qraphy . 

q-i ) There are formed on the substrate 21 an insulating 
layer 24, an intrinsic semi condu ot or layer 42, and a channel 



protective layer -11. :; C ) The channel protective layer 41 
is partially removed with leaving portions enly over : he 
seen line 31.1 and tine common e^e::r jde 22 3 by 
proof o> f itlrography . 

(D; An ri 4 semi conduct cr layer 43, a conductive layer 
2 a 3 and ar; insula 1 ire: layer 2 '3 El are- forme:; an : ne 
semi aeoadu so ar lay-r 4 2 , a no these layers are et a:he :l into the 
ot -anly t. a farm the source S and drain 3 :»f 
•■can line 321 but also to simultaneously 
decsreo;e-s of ahe pixel elea:reole 2 33 and 
a/er 2 »o 3 over stripe e lea t raoles af the 
0: : D. The ccnouctive layer 15D has 

2 a a, far example-, TilAl/Ti. 
ahe electrode 2 3D, the Al 
semi c:onductoi: layer- 43, thereto re a Ti 
layer is used in a rale r X.o avoid this aiffusiori, while if 
aaaly the Ti Layer is uisooi, a resistance value becomes large, 
anal t. no- re f o re one Al layer is also used. The insulating 
layer 2 o D is a siiicooa nitride- layer oar a silicaai ooubae 
layer farmed by means ot 3VD. 

Nc te that if the two layer structure of Ti/Al as used 
as the; pixel eleor rode 233 and aluminum nitride is used as 
the insulating layer 363, those- layers can be continuously 
or awn by a sputter device, resulting in reducing tn- number 
of steps of the fabrication process. Further, as the 



same pa *: :eri 
'TFT 2 3 aver the i 
f a rm t ho- stripe - 
: he ins-: let ing 1.; 
eo-mnvon e loot rode 
ao-nduovt iv -a layer; 
If only the Al lo 
a; if fuses ia:o tn>: 



oer rs use a 
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insulating layer 26D, a photoresist used for patterning may 
be left over :he stripe eleoorc>des of the common electrode 
2 ID . 

(E) A vertically oriented layer 27 drawn with a thick 
line in FIG. 30 is moated -on the insulating layers 24 and 26. 

According to the six embodiment, since by forming the 
TFT 2 2 , the st r ipe electrodes, each having a convex shape in 
cross section, of the pixel electrode 252 and the insulating 
layer 222 oneroon a. re also formed s irnu 1 taneous 1 y , there is 
no need to increase one steps of fabrication process in 
order to form the pixel electro>ole 2oD and the insulating 
layer 2-D. 

Although preferred embodiments of the present 
invention has been described, it is to be understood that 
the invention is not limited thereto and that various 
ehanoes and modifications may be mace without departing from 
the spirit and scope of the invention. 



